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Description 

Background of the Invention 

[0001] The present invention relates to radar anten- 
nas, and has particular relation to radar antennas which 
function as a radome and also function as lenses to fo- 
cus the radiation which passes through them. 
[0002] When a radar is used on an automobile, it must 
meet the road driving environment by having a radome 
which will protect the radar from road debris as well as 
from air. It is desirable for the radome to also perform a 
focusing function for the antenna. A conventional ra- 
dome durable enough to provide such service has gen- 
erally been considered to be unsuitable for even semi- 
precise focusing. 

[0003] Scanning an antenna beam rapidly with a lens 
antenna is usually achieved by electronically switching 
between multiple feed horns. However, it becomes im- 
practical to do this in most missile sensor applications. 
Producing an adequate scan field of view results in un- 
acceptably high insertion losses of the series connect- 
ing switches, it also results In unacceptably high anten- 
na side lobe levels for far out, off axis beams. 
[0004] Scanning can be accomplished by moving a 
durable, lightweight antenna lens back and forth in front 
of a fixed antenna feed. However, the speed of scanning 
is inversely proportional to the weight of the lens, and 
prior art radomes are also heavy. Fortunately, lightness 
and durability may be traded off with each other. If a 
moderate weight lens of considerable durability is 
placed in a protected environment, it can easily be mod- 
ified to be less durable, but very light. The forward end 
of a missile, behind a separate radome, is such a pro- 
tected environment. 

Summary of the Invention 

[0005] The present invention overcomes these defi- 
ciencies by modifying a conventional Fresnel lens de- 
sign. The conventional curved lens surface is replaced 
with steps approximating it, preferably three steps. The 
thickness of the stepped lens, at each step, is a half- 
wavelength or a multiple half-wavelength of the radar 
operating frequency in the medium of the lens. The half- 
wavelength or multiple half-wavelength separation of 
the steps causes reflections from the front and rear sur- 
faces to cancel. This provides a nearly perfect imped- 
ance match, thereby minimizing the (undesirable) 
standing wave between the lens and the feed horn. This 
thereby further avoids the necessity of using other 
standing wave reduction methods, such as (a) coating 
one or both surfaces with an antireflection coating, or 
(b) presenting the curved or stepped side forward to 
avoid focusing of reflected signals at the antenna feed. 
Coatings are expensive, and the planar side of the lens 
(unlike the stepped side) doesn't need to be protected 
from road debris. The lens and radome can therefore 



be molded as an integral unit, desirable in the automo- 
tive setting. 

[0006] This lens is also thin enough (and, therefore, 
light enough) that it can be moved side-to-side very rap- 

5 idly, preferably by a combination of cams and springs. 
This allows a very fast scan, albeit over a limited field of 
view. Gimballing the lens and feed horn together pro- 
. vides a slower scan, but gives an unlimited field of re- 
gard. Combining the two gives a fast scan and unlimited 

to regard, desirable in the missile setting. 

Brief Description of the Drawings 

[0007] Figure 1 shows the contour of a Fresnel lens 
15 in three embodiments: full zone 10; partial zone 12; and 
step zone 14. 

[0008] Figure 2 shows the details of the step zone lens 
14. 

[0009] Figure 3 shows the lens 14 in operation, r<_ 
20 fracting radar signals both directly from the feed horn or 
feed horns 46, 48, 50 and indirectly from an. enclosing 
housing 40. 

[0010] Figure 4 shows the lens 14 being moved per- 
pendicular to the beam of radiation through it, thereby 
25 changing the beam's direction. 

[001 1] Figure 5 shows gimballing 56 the lens 14 and 
feed horn or feed horns 46, 48, 50 together. 
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Detailed Description of the Drawings 



[0012] In Figure 1, a lens 14 is made of a material, 
preferably a plastic which has a suitable index of refrac- 
tion to electromagnetic radiation of a desired frequency, 
and which is hard and strong. The plastic sold underthe 

35 trade name LEXAN has the desired electrical and me- 
chanical properties, and is preferred. 
[0013] The lens 14 has a front surface 16 and a re? 
surface 18, the front surface 16 being planar. The ret, 
surface 18 includes a plurality of stepped Fresnel zones 

40 20. Each stepped Fresnel zone 20 consists essentially 
of a plurality of steps 22, 24, 26, preferably three. Each 
step 22, 24, 26 is parallel to, and lies a fixed distance 
from, the front surface 16. 

[0014] Figure 2 shows each stepped Fresnel zone 20 
45 corresponding to a conceptual, similarly refractive, con- 
ventional Fresnel zone 28. That is, to determine the lo- 
cation of each step of each stepped Fresnel zone 20 on 
the rear surface 18 of the actual lens 14, first determine 
its distance d from its front surface 20. Then look to a 
50 conceptual, conventional Fresnel lens 10, one which is 
similarly refractive. It also will be broken up into a like 
number of zones 28 on its rear surface 30. Find the lo- 
cation of the portion 32 of the corresponding, conven- 
tional, zone 28 which is the same distance d from its 
55 front surface 30. This is where the step 22, 24, 26 should 
be located. 

[0015] Figure 3 shows the lens 14 being driven by a 
source 34 of electromagnetic radiation 36 of the desired 
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frequency. This source is preferably located at a tapered 
end 38 of a tapering enclosure 40 which faces the rear 
surface 18 of the lens 14. The tapering enclosure 40 
may be conductive or radio-frequency absorptive, as 
desired, 

[0016] In Figures 1 and 2, the distance d to each step 
22, 24, 26 from the front surface 1 6 is an integral multiple 
of half the wavelength (^J at the desired frequency. This 
allows reflections from the front and rear surfaces 16, 
18, 22, 24, 26 to cancel. This cancellation reduces or 
eliminates standing waves within the enclosure 40. 
[0017] Figure 4 shows the lens 14 being moved per- 
pendicular to the beam of radiation through it thereby 
changing the beam's direction. The lens 14, being so 
thin, is very light, and may therefore easily be moved in 
a direction parallel to its front surface 16 by any suitable 
means. The preferred moving means is a cam 42 on one 
side of the lens 14 and a spring 44 on the opposite side. 
Moving the lens 14 perpendicular to the radiation 36 
changes the direction of the beam emerging from the 
lens 14, and is much easier than attempting to move the 
feed horn, or other source 34 of electromagnetic radia- 
tion. This motion allows fine control over the beam's di- 
rection. Gross motion may be provided, if desired, by a 
plurality of feed horns 46, 48, 50 at the tapered end 38 
of the enclosure 40. Since each feed horn 46, 48, 50 lies 
at a slightly different position, each produces a beam 
which emerges from the lens 14 in a slightly different 
direction. Gross motion may also be provided by gim- 
bailing the entire apparatus. 

[001 8] First and second moving means for moving the 
lens 14 in first and second directions parallel to its front 
surface 16, and perpendicular to each other, may be 
provided. As before, the preferred moving means in both 
directions is a cam 42, 52 on one side of the lens 14 and 
a spring 44, 54 on the opposite side. 
[0019] Figure 5 shows gimballing 56 the lens 14 and 
feed horn or feed horns 46, 48, 50 together. 



Claims 



1. A lens comprising a material, wherein: 



tance from, the front surface; and 
(h) the distance to each step from the front sur- 
face is an integral multiple of half the wave- 
length at the desired frequency, measured in 
5 , the material of which the lens is comprised. 

2. The lens of claim 1 , wherein each Fresnel zone has 
three steps. 

10 3. The lens of claim 1, further comprising a tapering 
enclosure facing the rear surface of the lens. 

4. The lens of claim 3, wherein the tapering enclosure 
is conductive. 
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5. The lens of claim 3, wherein the tapering enclosure 
is radio-frequency absorptive. 

6. The lens of claim 3, further comprising a source of 
electromagnetic radiation of the desired frequency 
located at a tapered end of the tapering enclosure. 

7. The lens of claim 1, further comprising a moving 
means for moving the lens in a direction parallel to 
the front surface of the lens. 

8. The lens of claim 7, wherein the moving means 
comprises a cam on one side of the lens and a 

■ ■ 

spring on an opposite side of the lens. 

9. The lens of claim 1 , further comprising: 

(a) a first moving means for moving the lens in 
a first direction parallel to the front surface of 
the lens; and 

(b) a second moving means for moving the lens 
in a second direction parallel to the front sur- 
face of the lens and perpendicular to the first 
directions and/or 

*. ■ » ■ • ' • *■'.•. 

wherein preferably each moving means comprises 
a cam on one side of the lens and a spring on an 
opposite side of the lens. 



(a) the material has an index of refraction to 
electromagnetic radiation at a desired frequen- 
cy; 

(b) the index of refraction produces, within the 
material, a desired wavelength of the electro- 
magnetic radiation at the desi red frequency; 

(c) the material has a front surface and a rear 
surface; 

(d) the front surface is planar; 

(e) the rear surface includes a plurality of 
stepped Fresnel zones; 

(f) each stepped Fresnel zone consists essen- 
tially of a plurality of steps; 

(g) each step is parallel to, and has a fixed dis- ; 



45 10. A lens comprising according to claim 1 wherein: 

(f) each stepped Fresnel zone corresponds to 
a conceptual, similarly refractive, conventional 
Fresnel zone and wherein 
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(i) each step of each stepped Fresnel zone has 
a location on the rear surface which is the same 
as the location on the rear surface of a portion 
of the corresponding conceptual, similarly re- 
fractive, conventional Fresnel zone, said por- 
tion of the conventional Fresnel zone having 
the same distance from the front surface as the 
step of the stepped Fresnel zone. 
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Patentanspruche 



gesehen ist: 



1. Eine Linse die ein Material aufweist, wobei: 

(a) das Material einen Brechungsindexfur elek- 5 
tromagnetische Strahlung bei einer gewunsch- 
ten Frequenz aufweist; 

(b) der Brechungsindex innerhalb des Materi- 
als eine gewunschte Wellenlange der elektro- 
magnetischen Strahlung mit der gewunschten id 
Frequenz erzeugt; 

(c) das Material eine vordere Oberflache und 
eine hintere Oberflache besitzt; 

(d) die vordere Oberflache planar (eben) ist; 

(e) die hintere Oberflache eine Vielzahl von ge- is 
stuften Fresnel-Zonen aufweist; 

(f) wobei jede gestufte Fresnel-Zone im We- 
sentlichen aus einer Vielzahl von Stufen be- 
steht; 

(g) jede Stufe parallel ist zu und einen festen 20 
Abstand hat von der vorderen Oberflache; und 

(h) der Abstand zu jeder Stufe von der vorderen 
Oberflache ein ganzzahliges Vielfaches der 
Halfte der Wellenlange bei der gewunschten 
Frequenz ist, und zwar gemessen in dem Ma- 25 
terial aus dem die Linse besteht oder aufgebaut 

. ist. 

2. Linse nach Anspruch 1 , wobei jede Fresnel-Zone 

, drei Stufen besitzt. 30 



(a) erste Bewegungsmittel zur Bewegung der 
Linse in einer ersten Richtung parallel zur vor- 
deren Oberflache der Linse; und 

(b) zweite Bewegungsmittel zur Bewegung der 
Linse in einer zweiten Richtung parallel zur vor- 
deren Oberflache der Linse und senkrecht zur 
ersten Richtung, und/oder wobei vorzugsweise 
jedes der Bewegungsmittel einen Nocken auf 
einer Seite der Linse und eine Feder auf einer 
entgegengesetzten Seite der Linse aufweisen. 

1 0. Eine Linse nach Anspruch 1 , wobei 

(f) jede gestufte oder abgestufte Fresnel-Zone 
einer konzeptionell ahnlich bzw. in gleicher 
Weise brechenden konventionellen Fresn 
Zone entspricht, und wobei 
(i) jede Stufe jeder abgestuften Fresnel-Zone 
eine Stelle auf der hintereh Oberflache auf- 
weist, die die gleiche ist wie die Stelle an der 
hihteren Oberflache eines Teils der entspre- 
chenden konzeptionellen ahnlich oder gleich 
brechenden konventionellen Fresnel-Zone, 
wobei der erwahnte Teil der konventionellen 
Fresnel-Zone den gleichen Abstand von der 
vorderen Oberflache besitzt, wie die Stufe der 
abgestuften Fresnel-Zone. 



5. 



6. 



7. 



8. 



Linse nach Anspruch 1 , wobei ferner eine sich ver- 
jungende UmschlieRung vorgesehen ist, die zur 
hinteren Oberflache der Linse hinweist. 

■ > ' 

Linse nach Anspruch 3, wobei die verjungende Um- 
schlieftung leitend ist 

Linse nach Anspruch 3, wobei die verjungende Um- 
schllefiung Hochfrequenz absorbiert. 

Linse nach Anspruch 3, wobei eine Quelle elektro- 
magnetischer Strahlung mit der gewunschten oder 
Sollfrequenz vorgesehen ist, und zwar angeordnet 
an einem verjungten Ende der sich verjungenden 
Umschlieftung. 

Linse nach Anspruch 1, wobei femer Bewegungs- 
mittel vorgesehen sind zur Bewegung der Linse in 
einer Richtung parallel zur vorderen Oberflache der 



Linse nach Anspruch 7, wobei die Bewegungsmittel 
einen Nocken auf einer Seite der Linse aufweisen 
und eine Feder auf einer entgegengesetzten Seiten 
der Linse. 
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Revindications 

1. Lentille comprenant un materiau dans laquelle : 

- le materiau presente un indice de refraction a 
la radiation electromagnetique a une frequenr 
de consigne ; 

- Tindice de refraction produit, au sein du mate- 
riau, una longueur d'onde de consigne de ra- 
diation electromagnetique & une frequence de 
consigne ; 

- ie materiau presente une surface anterieure et 
une surface posterieure ; 

r la surface anterieure est plane ; 

p la surface posterieure comprend une pluralite 
de zones de Fresnel a echelons ; 
chaque zone de Fresnel a echelons consiste 
essentiellement en une pluralite des echelons ; 

- chaque echelon est parallele a la surface ante- 
rieure et a une distance fixe de celle-ci ; et 

- la distance de chaque echelon de la surface an- 
terieure est un multiple entier de la demi lon- 
gueur d'onde a la frequence de consigne, me- 
suree dans le materiau dont la lentille est com- 
posee. 



9. Linse nach Anspruch 1, wobei ferner foigendes vor- 2. Lentille seion la revendication 1 , dans laquelle cha- 



8 

la zone de Fresnel a echelons. 

3. Lentille selon la revendlcatlon 1, comprenant en 
outre une enceinte conique faisant face a la surface 
posterieure de la lentille. 5 

4. Lentille selon la revendication 3, dans laquelle Ten- 
ceinte conique est conductrice. 

5. La lentille selon la revendication 3, dans iaquelle 10 
I'enceinte conique absorbe les frequences radio. 

6. Lentille selon la revendication 3, comprenant en 
outre une source de radiation electromagnetique de 

la frequence de consigne situee a une extremite co- 15 
nique de I'enceinte conique. 

7. Lentille selon la revendication 1, comprenant en 
outre des moyens de deplacement pour deplacer la 
lentille dans une direction parallele a la surface an- 20 
terieure de la lentille. 

8. Lentille selon la revendication 7, dans Iaquelle les 
moyens de deplacement comprennent une came 
sur un cote de la lentille et un ressort a un cote op- 25 
pose de la lentille. 

9. Lentille selon la revendication 1, comprenant en 
outre : 

- 30 

- des premiers moyens de deplacement pour de- 
placer la lentille dans une premiere direction 
parallele a la surface anterieurede la lentille ;et 

- des seconds moyens de deplacement pour de- 
placer la lentille dans une seconde direction pa- 35 
rallele a la surface anterieure de la lentille et 
perpendiculaire a la premiere direction, et/ou 
dans lesquels de preference chaque moyen de 
deplacement comprend une came sur un cote 

de la lentille et un ressort sur un cote oppose *o 
de la lentille. 

10. Lentille selon la revendication 1, dans Iaquelle : 

■ " * . , » 

chaque zone de Fresnel a echelons corres- *s 
pond a une zone de Fresnel classique, de re- 
fraction similaire et conceptuelle et dans 
Iaquelle : 

chaque echelon de chaque zone de so 
Fresnel a echelons se trouve a un empla- 
cement sur la surface posterieure qui est 
identique a ('emplacement sur la surface 
posterieure a une partie de la zone de 
Fresnel classique de refraction similaire et 55 
conceptuelle, la dite partie de (a zone de 
Fresnel classique ayant la meme distance 

de la surface anterieure que P6chelon de # 
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que zone de Fresnel presente trois echelons. 
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